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TRENCH DMOS TRANSISTOR HAVING A ZENER DIODE FOR 
PROTECTION FROM ELECTRO-STATIC DISCHARGE 



Field of the Invention 

[0001] The present invention relates generally to MOSFET transistors and 
more generally to DMOS transistors having a trench structure. 

Background of the Invention 

[0002] DMOS (Double diffused MOS) transistors are a type of MOSFET 
(Metal On Semiconductor Field Effect Transistor) that use diffusion to form the 
transistor regions. DMOS transistors are typically employed as power transistors to 
provide high voltage circuits for power integrated circuit applications. DMOS 
transistors provide higher current per unit area when low forward voltage drops are 
required. 

[0003] A typical discrete DMOS circuit includes two or more individual 
DMOS transistor cells which are fabricated in parallel. The individual DMOS 
transistor cells share a common drain contact (the substrate), while their sources are 
all shorted together with metal and their gates are shorted together by polysilicon. 
Thus, even though the discrete DMOS circuit is constructed from a matrix of 
smaller transistors, it behaves as if it were a single large transistor. For a discrete 
DMOS circuit it is desirable to maximize the conductivity per unit area when the 
transistor matrix is turned on by the gate. 

[0004] One particular type of DMOS transistor is a so-called trench DMOS 
transistor in which the channel is formed vertically and the gate is formed in a 
trench extending between the source and drain. The trench, which is lined with a 
thin oxide layer and filled with polysilicon, allows less constricted current flow and 
thereby provides lower values of specific on-resistance. Examples of trench DMOS 
transistors are disclosed in U.S. Patent Nos. 5,072,266, 5,541,425, and 5,866,931. 
[0005] Electrostatic Discharge (ESD) presents a problem for semiconductor 
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devices, particularly for DMOS structures. The high voltage transient signal from a 
static discharge can bias an object with more than 10,000 Volts. The unique hazard 
in DMOS devices is the high electric field that can develop across a relatively thin 
gate dielectric used in the normal course of operation of the device. The gate 
dielectric, which is often oxide, can rupture under high electric field conditions 
when the charge built up on the gate penetrates the gate oxide, which normally acts 
as an insulator. The effects of the permanent damage caused by the rupture may not 
be immediately apparent; therefore, the possibility of gate oxide rupture constitutes 
a realistic reliability concern. Because ESD conditions are common in many 
working environments, many commercial DMOS devices are equipped with self- 
contained ESD protection systems. These can be discrete or integrated with the 
main functional circuitry. 

[0006] One method for protecting the gate of the devices from voltage above 
the oxide breakdown value employs a zener diode connected between the gate and 
source of the DMOS. An example of such a method and device is shown in U.S. 
Patent No. 5,602,046. This technique improves the ESD rating of the MOSFET gate 
and helps avoid over-voltage damage. 

[0007] One problem with the device shown in the previously mentioned patent 
is that its fabrication requires additional mask steps, increasing its complexity to 
manufacture and thus the cost of the device. 

[0008] Accordingly, it would be desirable to provide a trench DMOS transistor 
having overvoltage protection from ESD which is relatively simple and inexpensive 
to manufacture. 

Summary of the Invention 

[0009] The present invention provides a trench DMOS transistor having 
overvoltage protection. The transistor includes a substrate of a first conductivity 
type and a body region of a second conductivity type formed over the substrate. At 
least one trench extends through the body region and the substrate. An insulating 
layer lines the trench and overlies the body region. A conductive electrode is 
deposited in the trench so that it overlies the insulating layer. A source region of the 
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first conductivity type is formed in the body region adjacent to the trench. An 
undoped polysilicon layer overlies a portion of the insulating layer. A plurality of 
cathode regions of the first conductivity type are formed in the undoped polysilicon 
layer. At least one anode region is in contact with adjacent ones of the plurality of 
cathode regions. 

[0010] In accordance with one aspect of the invention, the undoped polysilicon 
layer overlies a portion of flie insulating layer that is vertically displaced fi-om the 
body region. 

[0011] In accordance with another aspect of the invention, the plurality of 
cathode regions and the anode region are disposed in the portion of the insulating 
layer vertically displaced fi*om the trench. 

[0012] In accordance with yet another aspect of the invention, the plurality of 
cathode regions include boron implanted therein. 

[0013] In accordance with another aspect of the invention the source region 
and the plurality of cathode regions are formed in simultaneous deposition steps. 

Brief Description of the Drawings 

[0014] FIG. 1 shows the circuit equivalent for a typical N-channel DMOS in 
which a zener diode is located between the source and gate of the DMOS. 
[0015] FIG. 2 shows a cross-section of a conventional trench DMOS structure. 
[0016] FIGS. 3-12 illustrate a sequence of process steps forming a DMOS 
transistor having overvoltage protection constructed in accordance with the present 
invention. 

Detailed Description 

[0017] FIG. 1 shows the circuit equivalent for a typical N-channel DMOS in 
which a zener diode is located between the source and gate of the DMOS. The 
zener diode breaks down when the gate to source voltage exceeds a specified 
voltage value. 

[0018] FIG. 2 illustrates an example of a conventional trench DMOS structure. 
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The structure includes an n + substrate 100 on which is groAvn a lightly n-doped 
epitaxial layer 104. Within doped epitaxial layer 104, a body region 1 16 of opposite 
conductivity is provided. An n-doped epitaxial layer 140 that overlies most of the 
body region 1 16 serves as the source. A rectangularly shaped trench 124 is provided 
in the epitaxial layers, which is open at the upper surface of the structure and 
defines the perimeter of the transistor cell. A gate oxide layer 130 lines the 
sidewalls of the trench 124. The trench 124 is filled with polysilicon, i.e., 
polycrystalline silicon. A drain electrode is connected to the back surface of the 
semiconductor substrate 100, a source electrode is connected to the two source 
regions 140 and the body region 116, and a gate electrode is connected to the 
polysilicon that fills the trench 124. 

[0019] In accordance with the present invention, a zener diode is incorporated 
into the trench DMOS structure shown in FIG. 2 in such a way that no additional 
masking steps are required. FIG. 1 1 shows the resulting device in cross-section. In 
FIG. 1 1, the zener diode comprises cathodes 145 and anode 148. As detailed below, 
the structure shown in FIG. 1 1 is advantageous because the source regions 140 of 
the DMOS transistor and n+ cathode regions 145 of the zener diode can be formed 
in the same mask and implantation steps. 

[0020] FIGs. 3-12 show a series of exemplary steps that are performed to form 
the inventive DMOS device. In FIG. 3, an N- doped epitaxial layer 104 is grown on 
a conventionally N+ doped substrate 100. Epitaxial layer 104 is typically 5.5 
microns in thickness for a 30 V device. Next, P-body region 1 16 is formed in an 
implantation and diffusion step. Since the P-body implant is uniform across the 
substrate, no mask is needed. The P-body regions are boron implanted at 40 to 60 
KeV with a dosage of about 5.5x1 O^Vcm^ 

[0021] In FIG. 4, a mask layer is formed by covering the surface of epitaxial 
layer 104 with an oxide layer, which is then conventionally exposed and patterned 
to leave mask portions 120. Mask portions 120 are used for defining the location of 
the trenches. The patterned mask portions 120 define the trench sidewalls. Trenches 
124 are dry etched through the mask openings by reactive ion etching to a depth 
that typically ranges fi-om 1.5 to 2.5 microns. 
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[0022] After the trenches are etched, the sidewalls of each trench are 
smoothed. First, a dry chemical etch may be used to remove a thin layer of oxide 
(typically about 500 - 1000 A) from the trench sidewalls to eliminate damage 
caused by the reactive ion etching process. Next, a sacrificial silicon dioxide layer 
(not shown) is grown over trenches 124 and mask portions 120. The sacrificial 
layer, as well as mask portions 120, are removed either by a buffer oxide etch or an 
HF etch so that the resulting trench sidewalls are as smooth as possible. 
[0023] As shown in FIG. 5, the gate oxide layer 130 is then deposited on the 
entire structure so that it covers the trench walls and the surface of p-body 116. 
Gate oxide layer 130 typically has a thickness in the range of 500-800 angstroms. 
Next, in FIG. 6, the trenches 124 are filled with polysilicon 152, i.e., polycrystalline 
silicon. Prior to deposition, the polysilicon is typically doped with phosphorous 
chloride or implanted with arsenic or phosphorous to reduce its resistivity, typically 
within the range of 20 Q/m. In some embodiments of the invention the polysilicon 
may be deposited in a two-step process. In the first step, a layer of undoped 
polysilicon is deposited to line the sidewalls of the trenches. The undoped 
polysilicon layer is followed by the deposition of a layer of doped polysilicon. 
Typically, the thickness of the doped polysilicon layer is greater than the thickness 
of the undoped polysilicon layer. For example, the ratio of the thickness of the 
doped polysilicon layer to the undoped polysilicon layer may be 7: 1 , with a total 
thickness of about 8,000 A. The undoped polysilicon layer is advantageously 
employed as a buffer layer inhibits the penetration of dopant material through the 
gate oxide layer and into the p-body, thus further reducing punch-through. 
[0024] In FIG. 7, the polysilicon layer 152 is etched to optimize its thickness 
and to expose the portion of the gate oxide layer 130 that extends over the surface 
of p-body 1 16. In FIG. 8, an undoped polysilicon layer 160 is deposited over the 
gate oxide layer 130 and the exposed surface of doped polysilicon layer 152. 
Undoped polysilicon layer 160, which defines the layer in which the zener diode 
will be formed, typically has a thickness in the range of 5,000 to 10,000 angstroms. 
[0025] In FIG. 9, undoped polysilicon layer 160 is etched back so that it is 
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completely removed from the region in which the DMOS transistor is defined. That 
is, undoped polysilicon layer 160 is removed so that is does not overlie the trench 
and body regions of the DMOS. Accordingly, the undoped polysilicon layer 160 
only remains in the region in which the zener diode will be formed. 
[0026] Next, in FIG. 10, a photoresist masking process is used to form 
patterned masking layer 170. Patterned masking layer 170 defines source regions 
140 of the DMOS transistor and n+ cathode regions 145 of the zener diode. Source 
and cathode regions 140 and 145 are then formed by an implantation and diffusion 
process. For example, the source regions may be implanted with arsenic at 80 KeV 
to a concentration that is typically in the range of 8xlO'^ to 1 .2x10^^. After 
implantation, the arsenic is diffused to a depth of approximately 0.5 microns. In 
FIG. 11, masking layer 170 is removed in a conventional manner and neutral boron 
is implanted into the cathode regions 145 and anode region 148 to achieve the 
desired breakdown voltage of the zener diode. 

[0027] In FIG. 12, the trench DMOS transistor is completed in a conventional 
manner by forming and patterning a BPSG layer over the structure to define BPSG 
regions associated with the source and gate electrodes. Also, a drain contact layer is 
formed on the bottom surface of the substrate. Finally, a pad mask is used to define 
pad contacts. 

[0028] Although various embodiments are specifically illustrated and 
described herein, it will be appreciated that modifications and variations of the 
present invention are covered by the above teachings and are within the purview of 
the appended claims without departing from the spirit and intended scope of the 
invention. For example, the method of the present invention may be used to form a 
trench DMOS and zener diode in which the conductivities of the various 
semiconductor regions are reversed from those described herein. 
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